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Abstract: Education, vocational training and lifelong learning play a vital 
role  in  both  an  economic  and  social  context.  The  paper  herein  aims  to 
identify Romania’s place within the UE-countries, considering  a series of 
general indices: total public expenditure on education as a percentage of 
GDP, private expenditure on education as % of GDP, annual expenditure on 
public  and  private  educational  institutions  per  pupil/student  -  by  level  of 
education,  school  expectancy,  pupils  and  students,  students  -  tertiary 
education, mobility of students in Europe, science and technology graduates, 
doctorate students in science and technology fields. Analysis methods: main 
components analysis, cluster analysis. 
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1. Introduction 
 
The European Council adopted in 2001 a 
set  of  goals  and  objectives  for  education 
and training systems that are to be attained 
by 2010, with education ministers agreeing 
on three goals:  
  to improve the quality and effectiveness 
of education and training systems;  
  to ensure that they are accessible to all;  
  to open up education and training to the 
wider world.  
These ambitious goals were subsequently 
subdivided  into  specific  objectives 
covering  the  various  types  and  levels  of 
education  and  training,  including  areas 
such as: teacher training; basic skills; the 
integration  of  information  and 
communication  technologies  (ICTs); 
efficiency  of  investments;  language 
learning;  lifelong  guidance;  flexibility  to 
make learning accessible to all; mobility; 
and citizenship education. 
2. Indicators 
 
2.1 Indicators on Education Finance  
 
Total public expenditure on education 
-  (EUR  PPS  million).  Generally,  the 
public  sector  funds  education  either  by 
bearing  directly  the  current  and  capital 
expenses of educational institutions (direct 
expenditure for educational institutions) or 
by  supporting  students  and  their  families 
with scholarships and public loans as well 
as  by  transferring  public  subsidies  for 
educational  activities  to  private  firms  or 
non-profit  organisations  (transfers  to 
private households and firms); both types 
of  transactions  together  are  reported  as 
total public expenditure on education.  
Private expenditure on education as % 
of  GDP  -  Expenditure  on  educational 
institutions  from  private  sources  as %  of 
GDP, for all levels of education combined 
(%).  Expenditure  on  educational 
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school  fees;  materials  such  as  textbooks 
and  teaching  equipment;  transport  to 
school (if organised by the school); meals 
(if provided by the school); boarding fees; 
and  expenditure  by  employers  on  initial 
vocational training.  
Public  expenditure  on  education  - 
Percent of GDP. This indicator is defined 
as  total  public  expenditure  on  education, 
expressed  as  a  percentage  of  GDP. 
Generally,  the  public  sector  funds 
education  either  by  bearing  directly  the 
current and capital expenses of educational 
institutions or by supporting students and 
their families with scholarships and public 
loans  as  well  as  by  transferring  public 
subsidies  for  educational  activities  to 
private  firms  or  non-profit  organisations. 
Both  types  of  transactions  together  are 
reported  as  total  public  expenditure  on 
education.  
 
2.2 Education indicators – non-finance 
 
Pupils  and  students  -  Excluding  pre-
primary education (1 000). Total number 
of persons who are enrolled in the regular 
education system in each country. It covers 
all  levels  of  education  from  primary 
education  to  postgraduate  studies.  It 
corresponds  to  the  target  population  for 
education policy.  
Students - Tertiary education (1 000). 
Total number of persons who are enrolled 
in tertiary education (including university 
and non-university studies) in the regular 
education  system  in  each  country.  It 
corresponds  to  the  target  population  for 
policy in higher education. It provides an 
indication of the number of persons who 
had  access  to  tertiary  education  and  are 
expected  to  complete  their  studies, 
contributing  to  an  increase  in  the 
educational  attainment  level  of  the 
population  in  the  country  in  case  they 
continue to live and work in the country at 
the end of their studies.  
Mobility  of  students  in  Europe  - 
Tertiary  education.  This  indicator 
presents  the  incoming  and  outgoing 
students for each country, using the figures 
provided  by  the  host  country  on  foreign 
students  enrolled in tertiary  education  by 
nationality.  It  includes  only  the 
EU/EEA/Candidate  countries  and  the 
nationalities  corresponding  to  these 
countries. Countries do not have details of 
the  numbers  of  their  home  students 
studying  abroad.  For  a  given  nationality, 
the number of students studying abroad is 
calculated  by  summing  the  numbers 
provided  for  this  nationality  by  the 
receiving countries. The lack of data on the 
distribution  of  students  by  nationality  in 
certain  countries  leads  to  the 
underestimation of the values.  
Science  and  technology  graduates  by 
gender  -  Tertiary  graduates  in  science 
and technology per 1 000 of population 
aged 20-29 years.  The indicator "Tertiary 
graduates  in  science  and  technology" 
includes  new  tertiary  graduates  in  a 
calendar year from both public and private 
institutions  completing  graduate  and  post 
graduate studies compared to an age group 
that corresponds to the typical graduation 
age  in  most  countries.  It  does  not 
correspond to the number of graduates in 
these fields who are available in the labour 
market in this specific year. The levels and 
fields  of  education  and  training  used 
follow  the  1997  version  of  the 
International  Standard  Classification  of 
Education  (ISCED97)  and  the  Eurostat 
Manual of fields of education and training 
(1999).  
Doctorate  students  in  science  and 
technology  fields  -  Total  -  (%  of  the 
population  aged  20-29).  Students 
participating in the second stage of tertiary 
education  in  the  science  and  technology 
fields  of  study,  as  a  percentage  of  the 
population  20-29  years  old.  This  table 
includes  the  total  number  of  students  in PETCU, N.: Education in European countries  195 
tertiary  programs  which  leads  to  an 
advanced  research  qualification  (ISCED 
level 6), in the educational fields Science, 
Mathematics  and  Computing  and 
Engineering,  Manufacturing  and 
Construction.  The  levels  and  fields  of 
education  and  training  used  follow  the 
1997 version of the International Standard 
Classification of Education (ISCED97) and 
the Eurostat Manual of fields of education 
and training (1999).  
 
3. k-Means Method 
 
Model parameters 
The primary calculation in k-means is an 
iterative  process  of  calculating  cluster 
centres  and  assigning  records  to  clusters 
[3]. The primary steps in the procedure are: 
1. Select initial cluster centres 
2.  Assign  each  record  to  the  nearest 
cluster 
3. Update the cluster centres based on the 
records assigned to each cluster 
4. Repeat steps 2 and 3 until either: 
- In step 3, there is no change in the cluster 
centres from the previous iteration, or 
-  The  number  of  iterations  exceeds  the 
maximum iterations parameter. 
Clusters are defined by their centres. A 
cluster centre is a vector of values for the 
(encoded) input fields. The vector values 
are based on the mean values for records 
assigned to the cluster. 
Selecting initial cluster centres 
The  user  specifies  k,  the  number  of 
clusters in the model. Initial cluster centres 
are chosen using a maximin algorithm: 
1. Initialize the first cluster centre as the 
values of the input fields for the first data 
record. 
2.  For  each  data  record,  compute  the 
minimum (Euclidean) distance between the 
record and each defined cluster centre. 
3.  Select  the  record  with  the  largest 
minimum distance from the defined cluster 
centres.  Add  a  new  cluster  centre  with 
values of the input fields for the selected 
record. 
4.  Repeat  steps  2  and  3 until  k  cluster 
centres have been added to the model. 
Once  initial  cluster  centres  have  been 
chosen, the algorithm begins the iterative 
assign/update process. 
Assigning records to clusters 
In each iteration of the algorithm, each 
record  is  assigned  to  the  cluster  whose 
centre is closest. 
Closeness  is  measured  by  the  usual 
squared Euclidean distance 
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where Xi is the vector of encoded input 
fields for record i, Cj is the cluster centre 
vector  for  cluster  j,  Q  is  the  number  of 
encoded input fields, xqi is the value of the 
qth encoded input field for the ith record, 
and  cqj  is  the  value  of  the  qth  encoded 
input field for the jth record. 
For each record, the distance between the 
record  and  each  cluster  centre  is 
calculated,  and  the  cluster  centre  whose 
distance  from  the  record  is  smallest  is 
assigned as the record’s new cluster. 
When all records have been assigned, the 
cluster centres are updated. 
Updating cluster centres 
After records have been (re)assigned to 
their closest clusters, the cluster centres are 
updated. The cluster centre is calculated as 
the mean vector of the records assigned to 
the cluster:  
j j X C 
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where  the  components  of  the  mean 
vector  j X
are  calculated  in  the  usual 
manner,  
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where  nj  is  the  number  of  records  in 
cluster  j,  xqi(j)  is  the  qth  encoded  field 
value  for  record  iwhich  is  assigned  to 
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Fig. 1. Total number of persons who are enrolled in tertiary education  
(The first 10 countries) 
 
This figure includes the total number of 
persons  who  are  enrolled  in  tertiary 
education  (including  university  and  
non-university  studies)  in  the  regular 
education  system  in  each  country.  It 
corresponds  to  the  target  population  for 
policy in higher education. It provides an 
indication of the number of persons who 
had  access  to  tertiary  education  and  are 
expected  to  complete  their  studies, 
contributing  to  an  increase  in  the 
educational  attainment  level  of  the 
population  in  the  country  in  case  they 
continue to live and work in the country at 
the end of their studies. 
 
Fig. 2. Education indicators – non-finance PETCU, N.: Education in European countries  197 
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Fig. 3. Indicators on education finance 
 
 
 
 
 
 
 
 
 
As  a  conclusion,  using  the  cluster 
analysis,  one  can  see  that:  from  the 
education indicators – non-finance point of 
view,  Romania  is  in  cluster  1,  from  the 
indicators on education finance Romania is 
in cluster 3, low indicators.  
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